A B S T R A C T Most of the information concerning secretion changes in follicle-stimulating hormone (FSH) in humans has been gained with relatively insensitive bioassays of concentrates of pools of urine. We have developed a sensitive and specific radioimmunoassay for FSH that is 500-1000 times more sensitive than the rat ovarianweight augmentation assay and which is capable of quantifying FSH in small volumes of serum. Anti-FSH was prepared by immunizing rabbits with an impure FSH preparation. The majority of antisera showed complete inability to distinguish LH, TSH, and FSH, illustrating the immunological similarities of these hormones. One antiserum was specific when used in a radioimmunoassay. Potency estimates by bioassay were in good agreement, with a single exception, with those obtained with the radioimmunoassay for 10 FSHcontaining preparations. Highly purified LH gave a higher potency by immunoassay than by bioassay.
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Sera from eugonadal men contained 5-25 mIU/ ml; sera from castrate men contained over 30 mIU/ml. Sera from eugonadal women contained 7-25 mIU/ml during the follicular phase and 5-15 mIU/ml during the luteal phase of the menstrual cycle. Sera from castrate or postmenopausal women contained 40-250 mIU/ml. FSH was measured throughout the menstrual cycle in 19 women. The general pattern that emerged is summarized as follows: there is a small early follicular phase rise in FSH, and then FSH is relatively Received for publication 2 June 1967 and in revised form 19 June 1968. constant until mid-cycle; in the majority of women a mid-cycle rise of FSH occurs coincidentally to the mid-cycle LH ovulatory peak; during the luteal phase FSH levels are relatively constant and lower than during the follicular phase. Nonsequential oral contraceptives containing estrogen and progestogen abolish these changes and FSH concentrations remain low throughout treatment. Treatment of castrate men and castrate or postmenopausal women with high doses of oral estrogens results in a fall of FSH to levels found in eugonadal men or women, but not to undetectable levels. Children less than 5 yr of age had undetectable FSH (<5 mIU/ml).
INTRODUCTION
Most of the information available concerning the fluctuations of follicle-stimulating hormone (HFSH) in human subjects has been gained by bioassay of concentrates of pools of urine. Sensitive, specific, and precise radioimmunoassays for human luteinizing hormone (HLH) have been developed (1) (2) (3) (4) (5) which are capable of quantifying this hormone in unextracted serum, and this assay has been utilized in a variety of physiological studies concerning HLH (6) (7) (8) . We wish now to present details of a radioimmunoassay for HFSH and results of a number of studies performed with this assay. These studies have previously been presented in abstract form (9) (10) (11) (12) . Midgley (13) and Faiman and Ryan (14) have previously published preliminary reports of a radioimmunoassay for HFSH, and Franchimont (4) has published development and use of such an assay in some physiological studies.
METHODS
Preparation of antisera. New Zealand white rabbits of either sex were immunized with impure preparations from pituitary or urinary sources. Generally, about 450 IU1 of HFSH were administered in two subcutaneous sites every 10 days. Animals were bled 10 days after either the second or third injection., A total of 60 antisera from 30 animals have been studied. The antiserum selected to develop the HFSH assay described was obtained after three injections of an impure preparation 2 from pituitary sources. Each injection contained 31 mg (832 IU of HFSH per mg) of this preparation dissolved in 2 ml of 0.9% saline, and homogenized in 2 ml of complete Freund's adjuvant. After a fourth injection the antiserum from this animal was not specific for HFSH, since it showed almost complete cross-reaction with HLH and HFSH.
Radioiodinated HFSH. For most of the studies, purified HFSH containing 1415 IU/mg by bioassay8 was labeled to specific activities of 200-700 mc/mg with 'I. In the early studies another purified HFSH4 containing 6046 IU/mg by bioassay was labeled. No significant differences were noted when both labeled preparations were used and compared in one assay. The method of radioiodination was a modification of that reported by Greenwood, Hunter, and Glover (15) and the same as previously reported for HLH (2) .
Performance of the radioimmunoassay. For radioimmunoassay of HFSH we have employed a modification of the method previously developed for HLH (2) . This simplified, partially automated method is also used in our laboratory for human thyroid-stimulating hormone (HTSH), HLH, and human growth hormone (16 Fig. 1 . Note the curve is encompassed from 1 to 100 mug and that the steep and usable portion (10-90%o) extends from 2 to 10 mpg. Also shown in Fig. 1 Fig. 2 demonstrates the dose response curve for the highly purified HFSH, for a less pure preparation of HFSH, and for the-IRP-HMG No. 2 (an impure preparation containing both HLH and HFSH and used as standard for both). Note the identical shape of these curves, a fact which further supports the specificity of the assay. Crossreacting substances often but not always give dose response curves different from the standard purified hormone. (See, for example, reference 17.)
Serum samples known to be free of HFSH (for example, bovine, or canine serum) gave a small displacement of HFSH-131I amounting to about 15% with 300 ul when compared to standards in buffer. To eliminate this nonspecific interference by serum, dog serum was added to each of the tubes containing standard or known amounts of hormone. Under these conditions unknown serum samples gave dose response curves identical with the standard curve. Fig. 3 Fig. 4 depicts the serum HLH and. HFSH levels in a 58 yr old castrate woman. After 3 control days with no treatment, 0.4 mg/day of ethinyl 9 Milliinternational units per ml. estradiol were administered orally. Both HLH and HFSH fell progressively. It is interesting that the rate of fall of these hormones was relatively slow, requiring for HLH about 4 days to reach a fairly constant level, and for HFSH about 7 days. We have observed this pattern for decline for HFSH and HLH in eight other patients. In one patient given a large dose (15 mg) of diethylstilbestrol orally, HLH levels fell from 55 to 20 mIU/ml in 6 hours, but HFSH fell relatively slowly as in the study depicted in Fig. 4 . The cessation of pituitary secretion of HLH and HFSH upon administration of large doses of estrogen appears to be slower than cessation of thyrotropin secretion after large doses of thyroxin (17) been measured once daily for 5-30 days in 10 eugonadal men. These hormones were constant from day to day, mimicking the levels we have observed in women during the late follicular phase of the menstrual cycle. No elevation peaks of HLH or HFSH levels have been observed in serum from men.
Nineteen normal women taking no medications had HFSH quantified daily throughout the course of a menstrual cycle. These studies are summarized in Fig. 6 and Table III . Each of these women had a sharp mid-cycle peak of HLH, a finding which confirmed that these were normal menstrual cycles. The height of this HLH peak, the day of its occurrence as well as both follicular and luteal phase HLH levels, were similar to those we have previously described for other patients (2, 6). Fig. 6 In any one patient the average luteal phase levels were less than follicular phase levels. At midcycle a sharp peak of HLH occurred ranging from 40 to 153 mIU/ml. In some patients a smaller HLH peak occurred a day or 2 after the mid-cycle peak (Fig. 9) . HFSH levels ranged from 7 to 20 mIU/ml before the HLH peak (mean= I1) and from 7 to 15 (mean= 9) after the HLH peak. Follicular phase levels of HFSH were significantly (P = < 0.05) higher than luteal phase levels in 7 of 13 patients (Table III) . If the follicular phase were divided into two equal portions and HFSH levels compared between these two times, the early follicular phase levels were equal to or greater than (but never less than) late follicular phase levels. On an average, first-half follicular phase levels were 8%o (range 0-30%o) higher than second-half follicular phase levels (P = < 0.05). In any one subject such differences were significantly different (P = < 0.05) in only 23%o of the subjects studied. Inasmuch as the cycle length varied from subject to subject (Table III) a mean curve from all 19 subjects obscures theses small differences. Fig. 7 illustrates data from one patient in whom first-half follicular phase levels were significantly (P = < 0.05) greater than second-half follicular phase levels. These HFSH levels in the two patients -illustrated in Figs. 8 and 9 were not significantly different. A small increase in HFSH activity was seen in all patients near mid-cycle. These mid-cycle levels of HFSH ranged from 11 to 33 mIU/ml. The highest HFSH level occurred on the same day as the HLH peak in 14 patients. In the other five it occurred up to 12 days before or 1 day after this peak. Fig. 8 depicts the data from a 28 yr old woman. Note the considerable variation in HFSH during the follicular phase with two elevations which were only slightly less than the mid-cycle rise. The HLH peak observed in this patient was among the lowest, and this patient showed the greatest HFSH fluctuation during the follicular phase of any women studied. Fig. 9 depicts data obtained from a 24 yr old women. The HLH peak observed during this cycle was 152 mA/ml. The height of the mid-cycle rise in HFSH was only slightly higher than that in the subject of Fig. 8 , but in the latter subject LH rose to 58 mp/ml. Thus, the ratio of HLH: HFSH at this time was quite different in these two patients.
The physiological significance of this ratio is unknown at present. Typical effects of treatment with a nonsequential oral contraceptive on these serum HLH and HFSH levels are illustrated in Fig. 10 . We have previously reported the effects of such treatment on HLH levels (7) . Note that the mid-cycle rise in both HFSH and HLH failed to occur. 6-9. during the menstrual cycle supported the general pattern of changes reported using bioassays or immunoassays of urine concentrates (23) (24) (25) (26) (27) (28) (29) (30) . However, the changes observed with urine were blunted or less striking than those in blood. Bioassay studies of HFSH on urine concentrates obtained throughout the menstrual cycle have also been reported, but results are conflicting. Fukishima, Stevens, Gantt, and Vorys (23) and Stevens, Vorys, Besch, and Barry (24) for example, reported high HFSH excretion during the late luteal and early follicular phases and no midcycle elevations. McArthur, Worcester, and Ingersoll (25), Buchholtz (26) , and Rosemberg and Keller (27) , and Becker and Albert (30) on the other hand have reported a mid-cycle elevation in the urinary excretion of HFSH. The results reported herein indicate that a very small elevation may occur in the early follicular phase, but no luteal phase elevations were observed. A midcycle rise in HFSH was consistently observed.
The values of HFSH we report herein may at this time be compared with a few published by other authors using radioimmunoassay methods. Midgley in a preliminary communication (13) reported values on sera from six adult males to range from 3.5 to 8.6 mIU/ml, and from 11 postmenopausal women to range from 5.3 to 245.0 mIU/ml. Saxena, Demura, Gandy, and Peterson (31) reported in a recent publication that sera from normal men contained 3.942 mIU/ml and postmenopausal women 34.7-217 mIU/ml. Sera from eugonadal women contained 7-27.2 mIU/ml during the luteal phase and 16.8-31.7 during the follicular phase. Faiman and Ryan (14) in a preliminary communication reported sera from normal men contained from < 2.7 to 12.2 11 mIU/ml, and from postmenopausal women, 45.2-77.1 mIU/ ml. All of these values may be compared to those we found by referral to Table II . The range of values we have observed in normal men is wider than these other authors. This difference is most likely explained by the larger population we have examined with a broader age group. We have found sera from many men over age 40 to contain more HFSH than from men in their 20's. These previous authors evaluated younger men. The values reported by most of these authors for postmenopausal women is in good agreement, except for the lower limit reported by Midgley in his preliminary publication (13) . We have never observed values this low in postmenopausal women unless they were taking estrogens. We found HFSH levels during the luteal phase of the menstrual cycle to be generally lower than those dur-" Faiman and Ryan (14) ing the follicular phase. Saxena et al. (31) reported the opposite. The reason for this difference between the data is not presently known.
The relationship of these HESH and HLH changes to ovarian follicle development, ovulation, and corpus luteum formation is not presently known. However, based on our data the following speculations might be made. Follicular growth occurs in response to low levels of both-HFSH and HLH. Early follicular phase HFSH levels are slightly higher than late follicular phase levels, and possibly a small difference is important in early follicle growth. At mid-cycle the large surge of HLH and small rise in HFSH results in ovulation and corpus luteum formation. The cause of the HLH peak at mid-cycle is presently unknown, and it is uncertain whether an ovarian signal is involved in its timing. Once formed, the maintenance of the corpus luteum and the secretion of progesterone in large amounts do not apparently require high levels of HFSH and HLH; in fact, we found luteal phase levels to be lower than follicular phase levels of both of these hormones. Furthermore, cessation of corpus luteum function apparently does not result from a fall in either blood HFSH or HLH concentration, for none was observed. This would suggest that the corpus luteum, once formed, has a finite life of its own, functioning and regressing independent of blood HFSH and HLH concentrations. This picture of corpus luteum function has previously been supported for the sow and ewe (33, 34) . One interesting implication of the findings reported herein is that an important aspect of regulation of ovarian function probably resides in the ovary itself. Both follicular growth and maintenance of corpus luteum function do not require either changing or high levels of HFSH and HLH. Another interesting question arising from the observation that HFSH levels are higher at mid-cycle is whether such a rise is required along with the HLH peak to produce ovulation. Luteal phase HLH and HFSH levels are lower than during follicular phase. The reasons for this are not answered by these studies, but of course, one possibility is that progesterone and estrogen secretion (luteal phase) by the ovary is capable of suppressing pituitary secretion of these hormones to a greater extent than estrogen alone (follicular phase). Alternatively, pituitary secretion per se may be slightly less after the mid-cycle HLH: HFSH peaks because of a decrease in central nervous system releasing factors, independent of correlating gonadal steroid levels.
Prolactin has been shown to have important regulatory actions on corpus luteum function in rats (35, 36) . Its role in-any endocrine function in humans except lactation is presently unknown. The previously mentioned studies in the sow and ewe (33, 34) indicates that at least in these animals prolactin is not required for corpus luteum function. The role of prolactin in human ovarian control remains unknown.
